Recently, the Food and Drug Administration has recommended the Bauer-Kirby technique as the standardized procedure for the determination of antimicrobial disk susceptibility (6) . The test is a single, high-potency disk method which appears to correlate quite closely with broth dilution techniques (2, 3) and appears to be gaining in widespread use throughout this country and the world (3) . General acceptance of the in vitro disk susceptibility method has been aided by its simplicity. However, the prolonged incubation interval required (18 to 24 h) between the initiation and completion of the test has remained a distinct disadvantage.
Boyle and co-workers (3) have recently described a modified Bauer-Kirby test which utilized a tetrazolium dye, 2-(p-iodophenyl)-3-p-nitrophenyl-5-phenyl tetrazolium chloride, to enhance the distinction between areas of bacterial growth and zones of inhibition produced by antimicrobial agents. This dye-reduction test was rapid (6 to 7 h) and correlated quite well with the standard Bauer-Kirby method. Barry et al. have also observed that zones of inhibition were evident after a reduced incubation period (5 to 6 h) and that reliable data were obtainable for a majority of drugs and bacterial genera without using the dye-reduction technique (1) .
Recently, we described a disk bioassay for clindamycin that utilized the dye-reduction procedure (8) . During the course of this study, we frequently noticed that the growth on the susceptibility plate was extensive: zones were readily discernible after 6 or 7 h of incubation without using the tetrazolium dye. In view of the report of Barry et al. (1) , we thought it necessary to re-investigate the reliability of determining antibiotic susceptibilities at an earlier time period (as compared to the more conventional incubation time, i.e., 18 to 20 h) under routine conditions in the clinical laboratory without using the dye-reduction technique. In this communication we shall describe our experience with this comparison.
MATERIALS AND METHODS Organisms. The gram-negative organisms utilized in this study are listed in Table 1 and were all recent isolates selected at random and subsequently identified in the bacteriology laboratory of Strong Memorial Hospital by standard techniques.
Routine susceptibility test. Antibiotic susceptibility was determined by the Bauer-Kirby technique (2, 6) . Antibiotic disks were obtained from BioQuest (Cockeysville, Md.). All disks were stored as recommended by the manufacturer.
Modified test. The only modification of the standard technique was the extent of incubation at 37 C. Duplicate sets of 150-mm Mueller-Hinton plates (BioQuest) were streaked evenly in three planes with a cotton swab, excess suspension having been removed from the swab by rotating it against the side of the tube containing the standardized bacterial suspension (3, 6) . The swab was reloaded before the second plate was inoculated. After the inoculum had dried (15 min), disks were put in place on the agar surface and the plates were incubated disk down at 37 C.
After 7 h of incubation, one plate from each set was removed and the zone sizes were measured with a Fisher-Lilly antibiotic zone reader to the nearest 0.1 mm. After an additional 11 to 13 h of incubation, the second plate was removed from the incubator and the zone sizes were measured on the zone reader.
RESULTS
During the course of this study, occasional differences in zone sizes were observed when the rapid (7 h) result was compared to the regular with one of each transition, whereas ampicillin and cephalothin accounted for the two remaining susceptible-to-resistant changes. The organisms encountered in these susceptibility changes are also presented in Table 3 . Klebsiella sp., Escherichia coli, and Pseudomonas sp. were the organisms most frequently encountered. Pseudomonas sp. (see Table 4 The actual zone size change is also presented in Table 3 for each of the 76 differences in susceptibility results. Some (30%) of the transitions were due to a change of less than 2 mm. Eight of these changes fell into the intermediate-to-resistant group; seven into the intermediate-to-susceptible group; one resistant to inter- Duplicate plates were set up as described previously and incubated at 37 C. One plate was monitored with the zone reader at 7 to 8 h and the second plate at 18 to 20 h. The results of this experiment are presented in Table 5 . In both rapid and regular groups, the trend of decreasing zone size diameter with increasing inoculum size was evident.
DISCUSSION
The data presented here demonstrate the feasibility of utilizing a rapid procedure for the determination of susceptibilities of bacteria to antibiotic disks. In this study, only gram-negative organisms that grew on Mueller-Hinton agar without added sheep blood were utilized. Gram-positive organisms were excluded from this study, because in our laboratory MuellerHinton plates with 5% sheep blood are often Our data confirm the observations of Barry et al. (1) . They observed differences in 95 of 960 tests (9.8%) as compared to our 76 out of 664 or 11.44%. They divided their differences into two groups, i.e., major and minor. The major discrepancy group consisted of those that were resistant at one time and susceptible at the other (these correspond to the resistant-to-susceptible and susceptible-to-resistant transition groups in the present study). They observed 33 out of 960 (3.4%) such instances whereas we observed 7 out of 664 (1%). The Boyle et al. (3) found that there was close agreement when antibiotic susceptibilities were determined at 6 to 7 h as compared to 18 to 20 h when utilizing the tetrazolium-dye-reduction technique. We have found similar agreement without the use of the dye when an additional hour of incubation is permitted.
It is important to note that there is nothing sacred about the 18-to 20-h incubation time. It is more of a convenience than a requirement for the Bauer-Kirby test. Susceptibility plates can be set up on 1 day and read the next without any major alterations in the work-day of the technologist. The Food and Drug Administration regulations indicate that susceptibility plates can be read 6 to 8 h after incubation if there is sufficient growth. However, they do recommend that the results be confirmed by rereading after overnight incubation (6) . 3), and the data presented here that there is a difference of approximately 10% between an early and standard reading of susceptibility plates. It is generally assumed that the standard incubation (18 to 20 h) procedure is the more correct of the two.
In 1952, Humphrey and Leightbown gave a detailed description for the diffusion of antibiotics into agar media (7). Cooper and Gillespie (4) amplified this information by presenting the concept of critical time which states that after a certain time interval a microorganism will be able to grow in the presence of many times the minimal inhibitory concentration of antibiotic. In other words, the antibacterial effect of antibiotics is confined to a relatively short period, the "critical time." Thus, bacteria which are reached by a minimal inhibitory concentration of drug during this critical period will be inhibited. On the other hand, after bacterial density has reached a certain point, the antimicrobial will no longer affect growth of the organism. In Cooper's studies (4, 5) , the critical time appeared to be four times the microbial generation time plus the lag phase, or between 2.5 to 4.0 h. The zone sizes, therefore, become established during this critical time period before macroscopic growth can be observed. Cooper's studies (4, 5) show clearly that disk susceptibility tests depend not only on the organism and its susceptibility but also on the diffusion, i.e., the concentration gradient, of the antibiotic contained in the disk. It would appear then that it may be more proper to consider the early reading as the more correct. It is hoped that further experimentation will clarify this point.
The data presented here and the studies of Boyle et al. (3) 21) . In six of these 11 intermediate-to-resistant transitions, the early observation indicated that a zone was evident and that when the later observations were recorded no zones were observed. Pseudomonas sp., generally extremely resistant to most drugs, are a constant source of concern in hospital burn units and with the compromised host population. If a drug has some efficacy against the pathogen, i.e., it is intermediate in susceptibility, then the clinician may be able to use this drug. However, if the test indicates that the organism is resistant, then the drug is often disregarded. Since it is paramount to insure the most accurate information possible, it is imperative then to determine whether or not growth or overgrowth phenomena are responsible, in part, for the intermediate-to-resistant changes we have observed for this group of organisms. Recently, Barry et al. (1) stated that the early reading may be more accurate for certain groups of organisms. They were primarily concerned with swarming observed with Proteus mirabilis.
It should be emphasized that, as was previously mentioned, only gram-negative bacilli were utilized in this present study. In our clinical laboratory all gram-positive coccisusceptibility testing is performed on MuellerHinton supplemented with sheep blood. This precluded the inclusion of Staphylococci (both aureus and epidermidis). Streptococci, in general, are slower growing organisms, hence they may not lend themselves to this procedure and we would recommend the more conventional incubation time.
If we assume that a change of 1 
